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ABSTRACT
/'Photoelectrou Bnexgy Diatributions

in the Far Uliraviolet

228577

Photosmission has recaently been recognized as a use~
ful technique for studying electronic properties of sole~
ids.  The purpose of this work has been to develop the
electronic and other experimental equipment needed to
measure both the quantum yield and energy distributions
of photoelectrons. The systen whiéh was developed pexr-
mits the dixect recording of.energy distributions by
measuring the a-c conductance of a photocell subjected
to a retardingwﬁétential.

The system was tested by obtaining preliminary
measurementez of photoelectron enexrgy distributions from
electropolished indium for selected wavelangths between
SOO.AHAnd 2000 A. The results indicate that accurate
energy distributions can be meagured for photocurrents
as low as 10" 1% amp. Since the electropolished indium
was not atomically clean no detailed interpretation of
the <lata was attempted., A pxevi@us;y unoheerved peak at
7 eV in the energy distridbution for 21.2 eV photons was
found which does not coxrespond (o anylkn@wn maximum in

the density of states. ' C:ELLACj:j%\XT\)
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I. Intreducticm

There are many axperimental technigues svailable for
studying the elactronic structure of sclids, 3Studies of
cyclotron resonance, the ancmalous skin-effect, do.Kaas-
van Alphen effect and others provide detailed information
on statez near the fermi surface. Soft x~ray emission
and sbsorption mesasurements give information on some
featuree of the band structure. Optical absorption and
reflectivity measurements provide accurate values of
transition energies and can be interpreted in detail if
the general features of the energy bands are known.

FPhotoemisslion as a technique for studying electronie
properties of solids has certain advantages over other
methods as has baen pointed cut by Spicer and Simon (ref.
1). Since the anﬁrgy of the photoelactrons can ba mea-
sured after excitation, information concerning thae enecz-
giee of the initial and final #tates can be obtained.
This information facilitates tha interpretation of opti-
cal data in terms of theg band structure.especially when,
ag is the case for most meterials, the band structure is -
understood only qualitatively. It is possible, in addi-
tion, to extract information on electron scattering sinca
photcemission is a two-step procees ianvolving optical
excitation and elsctron transport through the solid to

the surface.



Photoemission measurenents have not as yet been usad
axtensively to investigate band structure in soliids. Some
studies have beeh made, howsver, of a few metals and sev-
eral semiconductors using photogmission measurements as
a source of informstiom on the @lesctronic structure of
the materials studied. Gcbell and Allern have employeid
photoemigsion measurements to study both surface and
volume states in silicon (ref. 2 and 3). 7Taft and
Philipp have investigated potassium and cessium anti-
momide using these methods (ref. 4), Spicer has used
photoenisgive measurements to imvestigate the alkali-
antimonides (ref. 5 and 6). Spicer and Simon have em-
ployed these techniques to study silicon (ref. 7).

Recent work by the. group at Stanford directed by Prof.
Spicer has imcluded that of Kindig who investigated
cadmium sulfide (ref. 8) and Berglund who used photo-
enisgion to study band structure and electron-electron
scattering in copper and silver (xef. 9).

The purpose af this work has been to develop the
'glectranic and othar experimental components needéd to
wmeasure photoslectxon energy distributions and quantum
yields in the far ultrﬁviolet. Since the light inten-
sities available in the far uvltraviolet are quite low,
the magnitudes of the resultant photocurrents are also

10

quite small {10 >V amp. or lass). This feature places



stringent requirements on the eiectronic components
utilized in measuring bhotoaaissive propexrties.

Ia this work 2 retarding potential method waz sm-
ployed to measure photoelectron ensrgy distributions,
Let N (B) be the number of electrons emitted per second
with energlies between B and B+dB by a photoemitter pro-
-duced by photons of frequendy «. The photocurrent
flowing when there is a potaential V Detwesn an emitter

and a collector of a spherical photccell is
L- ]

I,(V) = cf N..(B}d8
-eV
The small-signal conductance of the cell at veltage Vo

9“(vo) '-g§#L£!l

demonstrating that the emergy distribution of photo-

is then

vV, = @ N,(-aV,),
clectrons can be found simply by measuring the small-
signal conduetancé of the photocell as a funcition of ths
retardihg potential (see Figurs 1). This technique has
been usaed recently by Spicer and co~workers with consi~-
derable success {ref. 8 and 9). |

In the present study the emphasis was placed on
developing & workable measuring system. Photoemissive
measurements ware made on indium metal in part to check
the operation of the apparatus and in part because of
intrinsié interaet in indium as an example of a solid in

which both far ultraviolet interband transitions and
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‘FIGURE 1. A grasphical illustration of the a-c msthod of
obtaining electron enexgy distributions. i{V) is a
current vs. voltage cuxve for a typical photocell. With .
& voltaga V_ applied to the cell there is a curreat i,.
If a small 8-c voltage AV is added to the d-c voltage“V
the photocurrent will consist of i_ plus an a-c componeflt
ai, If the amplitude of AV is hei constant and v_ is
changed slowly then Ol is proporticmal to the a-c fonduc~
tance of the photocell, that is, it is proportional to
the slope of the current vs. voltege curve.



plasmons congtituie 1ell defined forms of ewcitation.
The reflectiviiy, wrelative photoelactric guantum
yield, and the raotielectror energy distributions of

elsvtro-polished Indium were measured for pheton. energies

ranging from ) eV ta 27 wV,



IX. Expeiinental Apparatus and Procedures
A, The Photocell

Figuxavz shows a one-half scale diagram of the
photocell. The collector comsisted of a 409 ml pyrex
round bottom flask with a 548" hole cut in the botfom
end to admit the light beam and an auxiliary pumping
throat blown into the neck .of the flask. The neck was
mounted on an aluminum disk with epoxy* and a strip of
copper (4" x 14" x .005") was mounted with spoxy inside
the neck of the flask. An indium film, which served as
1the collectoxr, was evaporated into the inner surface of
the flask in a high vacuuz evaporation chamber. Indium
was used to minimize contact potential between the emit-
ter and collector,

An indium sample was melted into the aluvminum cup
shown in Fig. 3 and was attached to a teflon mount. A
spring clip which made the electrical connection via the
Strip of sheet copper, between the collector film and the
kovar feed~through in the back plate of the sample holder
was alsc attached to the teflon mount.

A Bayert-Alpert type ionization gauge was mounted

in the rear plate of the photocell to permit measure=

*Hysol epoxy patch kit #1~C, Kysol Corporation, Los
Angeles.,



FIGURE 2. The photocell. a: Aluminum, b: pyrex flask,
d: the sheet copper epoxied on the insids

and cs epoxy.
of the flask,
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-FIGURE 3. The sample holder and back plate of the photo-
cell. a: spring clip collector lead, b: teflon mount,

¢: the indium sample, d: the aluminum sample holder,

e: set screw fastening the holder to the teflon mount,

f: kovar feed-throughs, ¢g: ionization gauge and h: the
blank-off plate for the auxiliaxy pumping port.
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ment of the pressure in the cell under operating condi-
tions. An additional pumping port was also loccated in
the rear piate of the photocell which could be usad in
the savent that the front end of the cell was sealed with
a lithium fluoridé-or quartz window,

 The photocell was mounted inside a stainiess steel
vacuunm jacket which wae attached to the light monitoxring
chamber ag mhown in Fig. 4. The light monitoring cham=-
baer bolited directly onto the monochromator exit siit
housing and contained the light pipe photomultiplier unit
as shown in Fig. 5.with which the incident light inten-
gity was measured. The light pipe was made of 1lOmm
pyrex rod which was heated and bent to the desired shape.
The ends were polished to give a good optical surface.
Sodium salicylate was dissolved in methanol and sprayed
from an atomizer onto the bent end of ths light pipe.
The 1light pipe was hesated somewhat before spraying on
the sodium salicylate to spsed up the evaporization of
the methanocl and to provide a smoother film.
B. Monochromator and Light Source

The photoglectric measurements were made using a

McPherson model 225 ocne-meter normal incidence vacuum
monochromstoxr fitted with & 1200 lines/mm Bausch and Lomb
grating capable of a dispersion of 8 A/mm. Supplemen-

tary reflectivity. messurements were made with a Jarreli~

*
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" FIGURE 4. The assembled components of the photocell.
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The photomultiplier light-pipe unit.

FIGURE 5.
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Ash modzal 78-630 cne-half meter Seya-Namioka vacuum
monochremator. The imitial sttempt to msasura anergy
distributione using the Jsrrell-Ash monochromator szhowed
that the light outpul wae in&&gquate for aay but the most
intense spectral lines.

The light source used in this work was developed
by Professor W, C. Walker and is shown schematically
in Rig. 6. The body of the light source was fused
guartz and the water cooled capillary had a rectangular
cross~section of approximately 1 mm by 3 mm. The tube
. was sealed to the entrance_slit housing of the monochro-
ﬁator with a viton A o-ring which was compressad by a
threaded cap. The watar cooled 3/8" dismeter slectrodes
were also sealed with o-rings. The electrodes wara
made of aluminua in order to minimize sputtering cawsged
by ion bosbardment and to retain good thermal conduc-
tivity. 7The grounded anode was located between the
entrance glit and the cathode to keep positive ions
from being accelerated toward the grating. The ends of
both electrodes ware well below the optical path from the.
capfllary to the grating to xreduce the amocuat of elec-
tron bombardment of the grating and to eliminate the
sputtering of eletrode material onto the grating.

In this work, the light source was operated in a

d-¢c mode to reduce slactrical noise in the sensitive



FIGURE 6. The light source.
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anplifiers of the photocell circuit. The neon and
helium resonance lines =zt 736A and 584A as well ag the
hydrogen aiany~-lined mcliecular spectrum from 18084 to
9N0A were usad to measure both the quantunm yield and
energy distributions. Wwhen using hydrogan, the tube was
operated at a péessure of about 0.5 torr. Tha voltage
across the discharge was about 520 volts with currents
of 0.2 to 0.3 ampere. Helium and neon were used at
pressures of approximately 0.2 torr; and for currents of
about 0.3 ampere, the wvoltage drop was about 400 volts,
-C. Sample Preparation

A plece of high purity indium was placed in the
aluminum holder and as it was necessary that nothing
but the indium be exposed to the light beam in the pho-
tocell, the entire end of the aluminum holder was coated
with indium. 7The simple end of the sample holder was
slipped into a hcle which had been drilled in a piece of
taflon and which was the size of the ocutside diameter of
the aluminum sample holder itself, Thieg prevented the
indiua from spilling over the side of the sample holder,
thus insuring that there was an adequate thickness of
indive for shaping and polishing. The sample, mold,
and holder were them heated to about 160°C. whereupon
the indium melted and flowed intc the desired shape.

Taflon was used because indiuve doss not wet it and it
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is stable up to ZOGQC. GI Rmore.,
| After the sample cocled, the mold was removed and
the end of the sample was machined flat., The saample was
then electropolished with a solution of one part concen-
trated nitric ;cid in three partsz methanol. The indium
to ba polishad formed the anode and a plece of sheet
stainless steel was used as the cathode. It appeared
that a current density of about 0.5 ampare/bmz was most
affective; larger current densities tend to produce pits
in the polished surface. The solution became yellow in
coler at the indiue surface withim about a second aftex
the current was turned con. When thie occcurred, the pol=s
ishing process was slowed markedly. To reduce the polishe-
ing time the curreni was turned oa for about one second
evary three t0 five seconds and this curreant cycling was
contirwed until the sample surface swas highly polished.
The sample and mount ware then removed from the polisgh-
ing tenk and rinsed with methanol, The sample weas
then mounted in the photocell which was evacu;ted ag soon
as posgible to minimize the oxidization of the sample.
D. Keflectivity Measurements

The experineﬁtal apparatus and procedura employed

in measuring the reflectivity of solids including

indium have been described in detail in zeferences 10
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and 11, a0 ouly the important features will be descrited
here. The sample, polished as described in the preceding
section, was formud by flatteaing the indium between two
glass plates and polishing the flattened portion. A re-
cording of the incident épectrum was made using a sodium
salicylate coated iight pipe and photomultiplier similar
to ths one described in section IJIA of this paper. This
was done with the saxple raised out of the light path.
After scanning and recording the spactrum cnce, the sam=~
Ile was lowmered into the light beaw. The sample holder
was designed so that the light beam made a 20 degree
engle with the normal to the sample's surface. The

light pipe was rotated to intercept the reflected beanm
and a recording wes made of the reflected intensity.

The incident beam and refilected beams were re-measured
alternately several times and the averarages of the sever~
al wmeasurepmente of eachtwere used to compute the reflec~
tivity.

E, Quantum Yield .

The quantum yield measurements were made by com-
paring the saturated photocurrent of the phstocell with
the current output of an BMI 62568 photomultiplier,
operating at a fixed voltage, which momitored, through
a light pipe, the phosporescent radiation of a sodium

salicylate screen. The photocell current and the photo-
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aultiplier curreat wers measured with a Keithlsy nodelv
417 picoammeier. The photcmultipiler voltage was pro-
vidad by a Fluke modal 4124 ragulated high voltage
d-c supply. 7The outpuit of the picoamseter was recorsd-
dad with a Leeds and Worthrup Speedomax G chart recorder.
Tﬁe measuring system is shown schematically in Fig. 7.
The guantum yleld measurements were made using 2004
slits giving a 1.6 & band pass.

with the sample novnted in the evacuated photo-
z2aell and a frash layer of sodium salicylate on tha:
iight pipe, the light pipe was rotated to a position in
which it gave the maximum signal. This was done at
any convenient gpectral line. The grating was then
rotatod to the short wave length end of the spectrum,
and the scanning drive was gset at 25 to 50 A/minuts.
Aftexr the incident spectrum was recoxrdsd, the light
pipre was rotated out of the'light path., With about
15 volts acxoues the photocelil to zssure the collection
of all photozle¢irons, the gpectrum was re-scanned and
the photocell eurrent recorded. According to several
investigeators {references 12, 13 and 14), the quantum
yield of sodium salicylate is nearly unity and is
practically constant throughout the vacuum ultraviclet,
hance the output of the phétcnultipliei wag sssumed te

be proportional to the incident light imntensity. The
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relative quanitus pield wae calculated according to the
- xelation,

T= ipe/ie(loﬁ)
wWhare ipc iz the photocell current, i. ie the photo~
aultipiler current {ineidant light iatempity), and R
ig the zeflegtivity.
) Energy Distribution Messuremsnt _

4 block diagram of the electronic components used
in messuring photoelectron energy distributions is given
in Fig. 8. The a-c signal was provided by a PAR (Prince-~
ton Applied Research) mocdel JB-4 lock-in amplifier. The
samplitude where possibie was chossn to be 0.1 volts peak=
to-peak to give good energy resvlution in the enexgy
digtribution messurements. The operating f;equency of
14 cpe was salected to reduce the amplitude of tha signal

that was conducied capacitively by the photocell., The

12

capacitance of this photocell wae sbout 10 - fared

10

which gave a conductacce of 19° mho &t 14 cps. 7The

meximum conductance dua to photoemission from the mogt

10 .o

intense lines wae about 2 x 10
A d=2 swaesp voltage was provided by a 45 volt
battery connected across the ends of a 50,000 ohm ten~
turn heli-pet with a fixed centexr tap. The a-c signal
froﬁ‘the PAR was fed into the fixed center tap, and the

copbined a~¢ and d~c voltages gpp@axod st the sliding
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\ oy RESEARCH
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_l_ LOCK~IN
- AMPLIFTER
103 pfd KBITHLBY
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| % 10 .
R | A
FIGURE 8.

BLECTROMBTER

AMPLIFIER

Block diagram of the coaponents used in
neasuring photcelect:oﬁ energy distridbutione.
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tap of she hell-pot, which was commsoted to :he collece
tox Oof tha photocasll. Tos nliding tap wzs 4lven through
& aequsnee éx reduction gears by a 13 rpe ¢l:ck motor.
The d-c voltags was swept at about 0.5 voli/zlaste. The
voltage between the sliding tap and the cente. tap was
fed into the x-axig input tarminals of & Mogsivy=-Auto~
graph umodel 135 x-y recorder. The veltage drop across
the photocell output resistor was neglected ain:s It was
never mere than 2% of the tatél voltage across the phote-
cail.

The photocurrent was mesasured at the emi:ter,
utiiizing ¢the collector az adddtional electroztatin
gshielding. <ince only ths a-c portiom of the phote~
current was of interest in this measurement, 'he pho o~
current was pasaed through a resistor to grou.d and the
emitter was capaaitive;y zoupled to the input of a
Keithlsy model 603 elactrometer amplifier. & 108 ha
xesistéz was usged for wave lengthe having larger sat-
urated photocurrents (5 x 1073t sop and more’ and 10°
ohms for the smaliarx ones. A 108 ohi resister gave a
signal amplitude of 1 miilivelt peak-to-peak when tha

0™2C who and an input

photocell had a sonductance of 1
signal of 0.1 volts peak-to-peak was used. & 100 pibteo-
farad coupling capacitor and a grid resistor of 16° or

1010 ohms weras used in the remote he§&~ef‘%he glectro=-
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meter aapiifisx. - The electrometer amplifier haed sslec~
tsble geims of 10, 20, 40, 100, ..., snd 4000. It ulso
nad & difforontial imput which could be used to remove
the uspacitive signal conducted by the photoceil whan
necegsary {(when the capacitive signal was 30 ox more
times Iaigex thar the photoslectron comductance). Thie
was accompliished a8 shown in Pig. 9 with zresistors Ry and
Rz having equal values and the capacitor C azdjusted to
have the same capacitance as the photosell., For this
work, 4t was nef necessary to use the differential impuct.

The signal from the electromster amplifier con-
taingd both the capacitive and the photoelectric signails
but the phase difference between thess two signals was
exastly 90 degrees., By feeding ths electrometexr ampli-
'fier directly iate the PAR amplifier, which acted as a
phase ssnsitive datactor, oniy that portion of the signaln
‘whick was due to the photoelectric smalli-signal conduc=
tance of the photeocell was measuxed. The phase of the
PAR amplifier wag adjusted by blocking off the light
entering the photocell amd adjusting the phase control
to give szarxro cuiput. Thils assured that omly the photo-
elsctric contribution to the av¢ conductance was mea-
| sured since the a-¢ conductance in tha absence of light
wase almost entirsly capacitive. .

ia orxder to record the ¥imal sigaal, the output of
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FIGURE 9, The differeatial input circuit used

for iow level signale,
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the PAR ampliftiex was fad into the y-axdle dzpuy of the
K=y xecczde: Bmazgy distributicns ware then piotted

dixeatly by swoaping tha d-c voltage.
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%731. Results snd Conclusions

A, Reflectivity of Indium
| The réflectivity of elgctrepoliishad indium be-
tween 5.2 eV and 25 oV (4900 A to 500 A} is shown in
Fig. 10, At 3.2 eV the reflectivity was 20% and
it decreased rxepidly to & sharp ninizmum of 42% at 6.0
eV and then incrsased to 47% at 6.5 eV. Following this
peak the reflectivity fell ragidly again to a broad
winimum at about 12.5 eV where it was down to 4%. It

then digplayed a very broad maximus centared at 17 eV
after which it dropped slowly to 1% at 25 eV.

The structure in the reflectivity curve of a metal
is generslly due to intra-band ixansitions, inter-band
transiticns and plasma @acillatiohs. In the present
éasa, the pesk at 6,5 eV may be due to a reduced plasma
oscillation or inter-band transition {more work would
be needed to determine the nature of the mechanisa),
while the sharp decrease in the reflectivity near 117ev
indicates the presence of 2 plasma frequency of this
vaiue, %his acrees with the fact that thin films of
indiua exthiibit an onset of transmissiom at 11.1 eV.

The broad peak at 17 eV is due possibly to an inter-~
band transition and 2eems to be correlated with the
sharp decraage iz transmission found in thin f1lms of
indium at 15,8 eV,
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E. ERelativae (usntom Yisld of Indium

Tha abzolute value of the intensity of the iight
voak was not Setermined and hence only the relative
quantur viald was weasurad. The values obtained were
adjusted sc that the yield as given in Fig. 11 agraed
with the quantum yield of indium at 13.1 eV as mea-
sured by Watcnabye et al (xef. 15}. It seemed best to
adjust the relative quantum yield curwve at the highest
possiblie photon energy because the yisld is less strongly
influenced dy any surface effects at higher energies.

The yield increased nearly exponentially from ,008%
at 7.7 @V to 1.08 at 10.2 eV whereupon it began increas-
ing less rapidly until it reached 12% at 14.2 eV. At
6.6 eV it was 18%, 17.5% at 16.9 eV, and 15% at 21.2 aV.
The fact that the vieid increases exponantially nszar the
threshold indicates that the observed photoemission is
not characteristic of bulk indium in this region. The
vield is expected to increase proportionally to the
square of the photon energy for direct transitions,
and to the two-thirds power of the photon snergy for
indirect transitions {ref, 16).

C. Indium Photcelactron Brexgy Distributions

In Fig. 12, typical energy distributions of

rhotoelectrons from indium sre shown for photon gnergies

of i0,2, 12.1 and 14.1 eV. Fig.lﬁ gives the energy
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Photoelectron energy distributions from

indium for photon energies of 10.2 eV, 12.1 eV, and

14,1 eV.
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digtributiove for 12.1, 16.&.and gi.a eV photons,
Energy ddsiributicng were cbtaimed sleo for photons of
7T, 9.3, 9.7, 10.7, 11.2, 11.8, i2.8, and 13.5 eV;
but gince they follow the trend of thoss shown for 10.2
to 16.8 &V photong, they ware not reproduced here. Tha
enexgy distribution curves shown in Fig. 11 & 12 were
weasured three to five times for one sample and no ap-
parent discrepancies noted. It is felt, therefore,
that these distributions are charactexistic of electro~
poliished indium,

All of the distributions measured except that for
21.2 eV photons followed the ssme pattern. There was a
strong peak &t low enevrgies which moved to higher ener-
- gles as the photon energy increasad but this exhibited
no linearity with photon emergy. Foliowing the peak,
N,(B) decreased zapidly to abcut 108 of the maxinum
and then slowly approached zero. The approximate ener-
gles at which the energy distributions went to zerxo
did rnot esea t0 bear any simple relaticn to the photom
energy except that as the photon energy incraased,
the enexgy at which N, (E; wen:t to zero moved to higher
enexgles.

The energy dlstribution for 2i.2 &V photons had a
peak at 1.3 eV f@llcwed by & minimum at 4.9 eV, Follow-

ing the mianimum t&ere was a brcad pesk whose maximum lay
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at 7.0 @Wai

The sbhaolute zexoc of photoalactyen an&fgias'wae
taken to¢ be -0.2 volt as thie was ths voltage toward
which‘ﬁwéﬁ) tended to zero for all photon freqﬁencies
investigated. One expacts for a metal that photoelec~
trons with nsarly zero energy will occux since pheto~
electronz can be scattered before leaving the sample to
states just above the vacuum level, sven when there are
no states at the energy of the incidant photon bslow the |
vacunr level. The contact potential difference between
the elsctro-polished indium emitter and the svaporated
£ilm of ipndium which served as a collector was there- .
fore -0.2 volte. This contact potential difference is
- not overly large, ceasidering the diffexences Letween
the methods oFf the collector-emitter,

D. Conclusions
1;. Method of Measurement.

Tha a-c method for cbtaining photoelectron energy
distributions utilizing the electronilc components
 described herein is very effective. fThe results ob-
tained in this study have demonstrated the applica-
bility of the a-c direct-recording technique for obtain~
ing photoglectron snergy distxibutiogs of golids for
photon enexrgiles far into the ultraviclet. “The main

lizitation to the usefulness of the technique seems to bu
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the lack of intsnee spectral lines produced by the d-c¢
light souxce employed. Bxtension of the technique %o
ghoxrisr w@valangﬁhs awaite improved noiss-free sources
@f intense far ultravisclet radistion., During the eourée
of the measuresents it becamé clear that several impor-
" tant questions conceraning the basic interactions, e. g.,
plasmon creation by high enexrgy photoelectirons, can only
be answared by studies using photons having emergies in
excess of 20 eV,

Tﬁera ara no particular difficulties in measuring

conductances &8 low a8 10-+1

mhe. For conductances
less than thig, perhaps down to 5 x 10723 gho, useful
information cen be obtained by using the differentiai
input of the electrometer smplirfier. At conductances
of ﬂbeut_10“11 mho, fluctuations due to noise were on
the order of 5 x 10" mno (without using the differ-
ential input). An improvement in the system could be
sade by using & lock-in amplifier which would hava the
capability of handiing lower frequencies (e.g., the
- PAR model JB-5 12 usaful to 1.5 cps ae compared with
" the 15 cpe limit of the JB-4 used in this work).
The ph@toéell would be greatly improved by the

addition of an evapor&tion.filament to permit the ap-

plication of the collactor film in the photocell itself

without necessitating the exposure of the collectox
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film to air. In sddition, the ssmple surface could be
ebtained by svaporating the sample omto a suitable
substrate. Another method for improving the eample
gurface == at lsast for the softer metals such as
indium =-- would be to scrape the photo surface in the
photocell and thereby expose a clsan surface undex high
vacuum, |
2. Interpretation of the Results on Indium.

The present study was primarily conceraed wiih .
pexfecting a workable mea;uring technique for future
application to band structure studies in sclids so that
@niy preliminary results were obtained for indium.
Since no cothar measuremants of comparasble range and
sccuracy exist for indium, the main features of these
results are of sufficient interest to deserve a brief
attempt at an intexrpretation.

The enargy distxibution curves for indium are
about what one would expect -~ eaxcept for the 21.2
eV cuxve ~=- for a metal aexhibiting only intra-band
transitions in the photon energy range covexed, ex-
cept for the apparent lack of photcelectrons with
energies near the photon energy minug the work function,
‘_that is, hv-4eV, Whereas it might be thought that
this feature 1s due t¢ & vexy low demsity of initial

states near the Fermi lavel im indium, this is not
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By

the case, bDotawss the spraad of sisning energliae
vecomes largar &2 the yha:%a sneggy imoressesn. 1% Lo
felt that this Jwsiuze of the energy Qistributions az
il & the logariitnmic incresss ia Guantuan yvisld for
‘th@@e zampies 1z probebiy a vesult of scattering of ‘
photaelectrens from surfecs iwmpurities and dafects
intraduced by the maithods used 16 prepavre the zamplas,
The broad secondnry paak at 7 eV in the enexgy
ddstribution for 21.2 eV photons, althougn interszsting,
1 @ifficult to interpret at pressnt. At z photom
enexrgy of 21 &V, an unscattered plhotoslectron whose
final state ensrgy iz 7 aV above the watuuar level
would have baen exciiaed from s state Aying 10 &V
balow the Fermsl level {assuming a 4 eV work function).
This doeg not corrsspond to any kaows maximum in the
density of states of indium as cin be zean by an
examination of the reflectance curxve given im Flg, 5.
Inforxmation is nesdad shoui energy dletributions for
several photon ensrgies near 21.2 eV in ordexr to clerxi-
fy the matuxe of ihe gtructure c¢hserved. It was not
possible to cbtain energy distributions foxr photon en-
exalgy near 21,2 ¢V az no source of strong, nolss fres
radiation is available in ﬁhis region of the spectrum
'sxﬂegt the helium rescnance ling at 21.2 eV.

It is presumably possible for slectrons which have



been axcited to an energy above the wvacuum lawel {evual
to the plasma energy} to lese this snergy by ewciting a
plasmxon. In the case of indium { 8 metal well suited fov
the obgervance of this phenomenom bacausa of its well
defined plasma csaclllation) the plasms energy is 11.1
eV and the work function 1s about 4.1 aV. Thic indi-
cates that any secondaxy excitation of plasmons by
photoelectrang would not occur for photom energics
less thau 15.2 aV. Unfortunmately there are no ussble
spectral iinss betwesn 14.2 eV and 16.¢ eV with oux
present light source and hence the quantum yiald as
peasursd here doas not offer any information as to
whather or not secondary excitation of plasmons occurs,
?uftharmares the only energy Jdigtvibution curve with
‘elnction energies up t¢ and grgaier tham 11 eV dis that
obtained for 21.2 eV photons. This distribution exhi="
bits & decrease in the vicinity of 1l eV but it iz felt
that this is insufficieﬂt avidence to permit the asser~-
tion that secondary excitation of plasmons 13 cocuxing.
If energy distyidutione for higher amergy photons
should show a decrease zt 11 eV it can be condluded
that plasmz axcitations are perhaps being observed.
Until this infcrﬁation is dﬁtainaé, however, the
question of the observability of sccondary exeltation

of plasmong by photoeliectrons remning unanswsiad.
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